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ridges & flow in AA collisions

Au+Au central
3<pM9<4 GeV/lc " |~

Pb-Pb 2.76 TeV, 0-2% central

2 <p'. <2.5GeV/c
1.015— ®. T
015 A 1.5<p?<2GeV/c
1.01 i * 0.8 <IAnl<1.8
z 1.005— ¢4 {
~— _-' ’*" -t
o ; » s »,
1 3 # AW D U AL
O 4 X * ’
0.995% /i i ¥
. ¢ .0
0.99 *¢ pay
: v2/ndf = 33.3/35
. . . ] . . . | . . . ] .
t t t i t t t i t t t i %_
o 1.002|;_ Ly L -
0.998r . u ] J
0 2 4
A¢ [rad]

the ridge: long range An

correlation

IN heavy ion

collisions

many t

neoretical

explanation

S proposed...

10— L
5[ o
E of ' .
B
-9 :_ B
:NPart T 91, 83 = 053 : |
10730 0 10
x(fm)

STAR PRC80 064912
ALICE PLB708 249

Alver & Roland PRC81 054905
2



ridges & flow in AA collisions
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3<pttrig<4 GeV/c

5 /

<
<O\ 72

)

{{

N
==

Pb-Pb 2.76 TeV, 0-2% central

“ \\\‘\‘ |
“‘!4"5‘}%,21,‘ -

1.015—

1.01

C(A¢)

0.995[>

0.99 ¢

1.005— 4+

2<p, <2.5GeV/c
1.5< p: <2 GeV/c
0.8<IAnl<1.8

1.002&_ i

ratio

0.998L

ridge: geometry + hydrodynamic evolution

the ridge: long range An
correlation in heavy ion

expl

10T

y(fm)

coll
many t

ISIONS

neoretical

anationr

S proposed...

N 291, & =0

A B L
PHOBOS Glauber MC -

53

-10

o 10
x(fm)

STAR PRC80 064912
ALICE PLB708 249

Alver & Roland PRC81 054905
2



ridges in pA

(d) CMS N> 110, 1.0GeV/c<p, <3.0GeV/c
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ridges in pA

(d) CMS N> 110, 1.0GeV/c<pT<3.0GeV/c
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ridges in pA

(d) CMS N> 110, 1.0GeV/c<p, <3.0GeV/c
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ridges in pA

(d) CMS N> 110, 1.0GeV/c<p, <3.0GeV/c
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a closer look at pPb
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a closer look at pPb
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geometry in AA & pA
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variation of the small nucleus
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variation of the small nucleus
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two particle correlations in dAu
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two particle correlations in dAu
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two particle correlations in dAu
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centrality dependence
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v2: pPb & dAu

J I I I I | I I I I | I I I I | I I I I | I I I I | I I I I I_ 10:
030 @ PHENIX, 200 GeV, d+Au, 0-5%, Anlc[0.48,0.7]  — ‘
- O ATLAS, 5.02 TeV, p+Pb, 0-2%, AnlE[2,5] .
0.25(— - :
- 1 3 . .
020 [ ] -8f
N - -
=~ 0.5 =
- O Pl 0
O. 1 O [ D E ] 8
N + = § 3
0.05- T'H — :
:I ] ] ] ] | ] ] ] ] | ] ] ] ] ] ] | ] ] ] ] | ] ] ] ] |: ::
0-005 1.0 15 20 2.5 3.0 3.5 :
p$ (GeV/c)

L
le\\

L
O

evidence for double ridges, but not a long range measurement

PHENIX PRL 111 212301 (2013)
ATLAS PRL 110 182302 (2013)

10



rapidity se

parated correlations

Muon Piston

both d-go
going di

| d Au
Calorimeters
INng & Au- .
reCthnS Central Magnet
| < 4

3<|r

Side View



long range correlations in dAu
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long range correlations in dAu

- PHOBOS PRC72 031901

PHENIX: 1404.7461
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long range correlations in dAu

- PHOBOS PRC72 031901
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long range correlations in dAu

- PHOBOS PRC72 031901
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long range correlations in dAu
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long range correlations in dAu
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long range correlations in dAu
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long range correlations in dAu
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long range d+Au vz
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particle mass dependence
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heavy flavor?
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heavy flavor?
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heavy flavor?
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heavy flavor?
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heavy flavor?
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variation of the small nucleus

systematic variation of small nucleus ongoing at RHIC!

what can be learned from these small systems?
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theory calculations, b<2fm

IP-Glasma + MUSIC (2+1d)
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He3+Au: first datal
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He3+Au: first data!
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smaller and cooler?

initial temperature / collision energy

RHIC Beam Energy Scan
<

277

QGP size

“PA” systems
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smaller and cooler?

initial temperature / collision energy

RHIC Beam Energy Scan
<

QGP size

7?7
S “PA” systems

\4

PA collisions: how is the QGP formed, how does it thermalize, what is
the initial energy density distribution?
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dAu, pPb, AuAuU & PbPD
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ore-equilibrium

He3+Au

p+Al

Light-Heavy Ion Collisions: A window into pre-equilibrium QCD dynamics?

superSONIC: ®He+Au @ 200 GeV, 1/s=0.08

P. Romatschkel!

0.2 T
lvol-lvgl —
Ivgl-lvel —— with preflow —
Iv4l-lvgl
0.15 f
g 0.1
c .
S .
2 |
> 1 —
—1 |
0.05 F ||
—
B =|:|:|:|:|:|:|:
O I 2 2
0 0.5 1 1.5 2 25
pt [GeV]
superSONIC: p+Al @ 200 GeV, 1/s=0.08
0.2 T
Ivol-lvgl ——
lvsl-lvgl —— with preflow
0.15 F
)
5 0.1 F
C
>
0.05 F
— |
— —
— ,_,_,—|—|_|
0 - . . .
0 0.5 1 1.5 2 2.5
pt [GeV]

V,, (unid)

V,, (unid)

superSONIC: ®He+Au @ 200 GeV, 1/s=0.08

0.2 Y
Ivsl-lvel —/—
Ivgl-lvel —— without preflow
Iv4l-lvgl
0.15 } B
0.1}
|
1
0.05 — ]
— ,_,:|:|:|:|:|:|:|:
O i » » »
0 0.5 1 1.5 2 2.5
pt [GeV]
superSONIC: p+Al @ 200 GeV, n/s=0.08
0.2 Y
Ivol-lvgl ——
Ivsl-lvgl —— without preflow
0.15 f
0.1}
0.05 | O
— —
0 —= e — — '_.
0 0.5 1 1.5 2 2.5

pt [GeV]

smaller systems, higher harmonics, lower energies: more sensitive

to earliest times
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Heavy lon Programs at RHIC and LHC

the pA physics story Is made possible by the
simultaneous strong programs at both RHIC & the
LHC
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conclusions

- wealth of low pT measurements at both RHIC and LHC
+ from surprises to systematic measurements

» on track to understand more about the very young QGP with
pA systems at RHIC

» data & theoretical developments at the same time drive
Progress

« eA: pA lessons drive interest in eA collisions with the EIC!
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